It is well established that Drosophila olfaction is under circadian control, yet the mechanisms underlying this temporal regulation have remained elusive. The kinase GPRK2 has now been identified as a critical link between the circadian clock and olfactory responses.
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Most animals use specific behavioral strategies to cope with daily changes in temperature, light intensities, and their ecological environment. For example, some species adopt a diurnal or a nocturnal behavior, while others are mostly active at dawn or dusk to avoid temperature extremes. These behavioral adaptations are largely under the control of cell-autonomous circadian clocks found in brain pacemaker neurons. These molecular oscillators are composed of a transcriptional feedback loop with a period adjusted to 24 hours by post-translational regulation of the activity and stability of its components [1] . Since most bodily functions, as well as behavior, require proper synchronization to maximize resource utilization while minimizing energy expenditure, circadian clocks are also found in many peripheral organs and tissues, where they control local physiology and metabolism [2] .
Olfaction is essential for various behaviors influenced by circadian clocks (e.g., feeding and social interactions, such as mating and predator avoidance) and is itself under circadian regulation in mammals and insects [3] [4] [5] . The Drosophila olfactory system provides a powerful model system to explore circadian regulation of sensory processing. Drosophila olfactory sensory neurons (OSNs) are located in two pairs of specialized sensory organs, the antennae and the maxillary palps. Between one and four OSNs are grouped into sensilla, which are specialized hairs that dot the sensory organs, and can be classified into three types -trichoid, basiconic, and coelomic -on the basis of morphological criteria [6] . The stereotyped arrangement of the olfactory system has made it amenable to electrophysiological recordings. The electroantennogram (EAG) provides a measure of the compound response of all antennal sensilla to a given odor stimulus, and extracellular-sharpelectrode recordings from individual sensilla have provided exquisitely detailed information about the response properties (dendritic spiking activity) of single OSNs. EAG recordings demonstrated that odor responses in Drosophila antennae are regulated by cell-autonomous circadian clocks present within the OSNs [5, 7] . The EAG amplitude changes over the course of the day, with a marked increase during the middle of the night. Interestingly, this corresponds to the time at which flies are behaviorally most reactive to odorant stimuli [8] .
So, how does circadian regulation of odor sensation occur at the level of the sensory neurons? Two papers from Hardin and colleagues [9, 10] , in a recent issue of Current Biology, shed light on these issues. The olfactory response is initiated by the binding of volatile compounds to olfactory receptors (ORs). In mammals and Caenorhabditis elegans, ORs belong to the family of G-protein-coupled receptors (GPCRs), characterized by having 7 transmembrane domains [11, 12] . Since Drosophila ORs have a similar membrane topology [13, 14] , Tanoue and colleagues [10] decided to determine whether genes known or predicted to regulate GPCR function in Drosophila are under circadian regulation in antennae. G-protein receptor kinases (GPRKs) were attractive candidates for these GPCR regulators. Indeed, in mammals, GPRKs phosphorylate activated GPCRs. Arrestins then bind to the phosphorylated receptors, uncouple them from their G-protein partners and, thus, terminate GPCR signaling [15] . Consistent with this idea, Tanoue et al. [10] found that the expression of a Drosophila GPRK, gprk2, is controlled by the circadian clock [10] . Unexpectedly, however, the levels of gprk2 mRNA and protein oscillate in-phase with the daily oscillations in EAG amplitude, suggesting a direct correlation between GPRK2 abundance and EAG amplitude, rather than an inhibitory role for GPRK2 in OR signaling. This hypothesis was verified by measuring EAG amplitude in mutant flies with constantly high or low GPRK2 expression. Surprisingly, the daily variations in GPRK2 levels are quite modest, with night-time levels rising to concentrations that are only 1.5-2 fold greater than GPRK2 levels during the day. Increasing or decreasing GPRK2 levels beyond this natural oscillation had little effect on EAG amplitude (unless GPRK2 levels fell below detection threshold). Thus, the circadian clock precisely tunes GPRK2 levels to be in a dynamic range in which relatively small changes in protein levels have profound effects on EAG amplitude.
How might GPRK2 mediate changes in odor responsiveness? Krishnan et al. [9] found that redistribution of ORs to the sensory dendrites accompanies increases in GPRK2 expression, suggesting that regulation might occur at the level of the OR (Figure 1 ). To test this idea, the spontaneous activity from individual OSNs of several classes of trichoid and basiconic sensilla was measured [9] . In single-unit recordings, Krishnan et al. [9] observed rhythmic changes in spike amplitude that occurred in-phase with the rhythms of odor-evoked EAG responses, suggesting a common mechanism. Furthermore, two lines of evidence suggested that circadian regulation of spike amplitude involves modulation of OR activity or distribution. First, rhythms in spontaneous spike amplitude were dependent on GPRK2; second, single-unit recordings from Drosophila mutants lacking ORs did not show rhythms in spike amplitude. Together, these data suggest that circadian control of spike amplitude arises from rhythmic, GPRK2-dependent localization of ORs to dendrites. Interestingly, Krishnan et al. [9] did not observe a corresponding circadian rhythm in the spontaneous or odor-evoked spike frequency of OSNs. Previous studies measuring odor-evoked and spontaneous spike activity have demonstrated the importance of spike frequency rather than amplitude in neural coding of odor identity and concentration, and suggested that spike amplitude is an invariant property emerging from the unique membrane excitability and morphological characteristics of each OSN class [16] . The finding that spontaneous spike amplitude is under circadian control suggests that spike amplitude may be a more dynamic property than previously appreciated and leads to the speculation that spike amplitude may be an important factor in determining sensitivity to olfactory cues.
Two recent studies have demonstrated that insect ORs can themselves act as ion channels [17, 18] . This finding draws a clear distinction between the mechanism of GPRK2 action in Drosophila OSNs and the mechanism by which GPRKs terminate GPCR signals in mammalian systems and raises some intriguing questions for future studies. How does GPRK2 regulate OR function or distribution, and how do changes in OR properties translate into rhythms in spike amplitude? Perhaps GPRK2 regulates the coupling of OR ion channel activity with activation of downstream ion channels and, thereby, regulates membrane excitability properties and spontaneous spike amplitude. Does GPRK2 contribute directly to the assembly of functional ORs or promote the translocation of assembled channels to the dendritic membrane? Is GPRK2 kinase activity required for circadian rhythmicity in olfactory responses? And, importantly, how do changes in OSN spike amplitude contribute to responses to olfactory cues and modulate olfactory-driven behaviors? Interestingly, the phase of spike-amplitude oscillations differs between basiconic and trichoid sensilla [9] . Since the latter play an important role in the detection of pheromones [19] , whereas the former appear to be tuned to recognize food odors [20] , this observation suggests that circadian clocks within the OSNs might play an important role in the temporal compartmentalization of various odor-guided behaviors.
In summary, Hardin and colleagues [9, 10] Figure 1 . Circadian clocks within olfactory sensory neurons (OSNs) control GPRK2 levels, OR localization, and spike amplitude. The Drosophila circadian pacemaker (symbolized by a clock dial) determines gprk2 mRNA levels by modulating gprk2 transcription or mRNA stability. The resulting increase in GPRK2 levels during the night (Zeitgeber Time (ZT) 17), compared with during the day (ZT5), promotes the localization of odorant receptors (ORs) to the dendritic membrane of the OSNs via an unknown mechanism (here depicted as a positive regulation of OR vesicular transport). The ORs are non-specific cation channels composed of two subunits: an invariant subunit called OR83b and an odor-specific subunit (ORX). Cyclic changes in dendritic OR levels result in circadian variations in the amplitude of spontaneous dendritic spikes, and in the response of the whole antennae to odors.
responses and demonstrated that GPRK2 levels are under the control of circadian molecular pacemakers located within the OSNs. While understanding the precise mechanistic basis of GPRK2 action will provide a fertile area of inquiry for further studies, this work has provided an exciting first glimpse into the circadian control of olfaction. Future genetic, electrophysiological, and behavioral studies are certain to reveal additional insights into olfactory rhythms and their implications for our rapidly advancing understanding of olfactory coding and for the regulation of odor-guided circadian behaviors.
Sex defines us -not as individuals or as a species but as eukaryotes.
Reductive meiotic division to produce haploid gametes, and the subsequent fusion of these two cells allow for two vital processes: the reassortment of alleles through recombination, and the regeneration of decrepit bodies by reversion to a single-celled state followed by new cell growth. Sex has undoubtedly been a key to the success of eukaryotes, but it's a tricky thing to do. The gametes must recognize each other, then fuse; and both of these processes must be managed carefully as failures are disastrous. Despite the fundamental nature of this process, pulling back the veil to get a peek at the molecular mechanisms controlling gamete fusion hasn't been easy, in stark contrast to the exquisite detail in which the processes of intracellular membrane fusion have been described. But vesicle fusion within a cell has little in common with the union of two intact cells, and only very recently have some of the proteins involved in gamete fusion in plants and animals been identified (reviewed in [1] ). Still lacking is a basic understanding of the exact role these proteins play in the complex series of events that leads to fertilization. This deficiency in understanding stems in part from the complex nature of gamete development, which limits the availability of tractable in vitro experimental systems, and also from the difficulty in observing and manipulating the processes of fertilization in vivo [1] . Two new papers -one in a recent issue of Current Biology by Hirai et al.
[2] -have made significant strides towards understanding the fundamental process of gamete fusion [2, 3] . Both focus on a protein, known either as GCS1 (generative cell specific 1) or HAP2 (hapless2), that was first identified in screens for male-fertility mutants defective in pollen tube growth in the plants Arabidopsis [4] and Lilium [5] , then again in a screen for mutants compromised at later stages of gamete interaction in the green algae Chlamydomonas reinhardtii [3] . GCS1 thus has a clear role in plant and algal fertilization, but genome searches have also revealed homologues in malaria parasites (Plasmodium), African sleeping sickness parasites (Trypanosoma brucei), slime moulds, ciliates, choanoflagellates and cnidarians [5] , suggesting that GCS1 is an ancient and highly conserved component of the gamete fusion apparatus. Hirai et al. [2] and Liu et al. [3] now provide elegant support for this hypothesis.
The fact that both groups chose to work with malaria parasites to investigate GCS1 function marks something of a coming of age for
